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ION ACCELERATIONAT TNE EARTH’S MNl SHOCK:
A REVIENOF OBSERVATIONSIN THE UPSTREAMREOION

J. T. Gosling,J. R. Asbridge,S. J. Bame,and W. C. Feldman
Universityof California,Los AlaMoaScientificLaboratory

LOS Alamos,New hXiCO 87545

ABSTRACT

Positiveions are aooeloratedat or near the earth’s
and propagate fnto the upstream region. Two distinctly
populationsof these ions, distinguishedby their greatly

bow shock
different
different

speotraland angularwidths, oan be identifiedthere. The type of
ion populationobserved in the upstreamregion is strongly corre-
lated with the premenoeor absenceof long-periodcompressivewaves
in the solarwind. Very few ions are aoc!eleratedin the vicinityof
the shook to energies❑uoh above about 100 keV. It is not yet clear
whether the ❑ost energetio ions (i.e. those near 100 keV) are
aooeleratedat the shook or in the broad disturbedregion upstream
from the shook. In either oaae stoohastieaooelerationby turbulent
eleotrostatiofields seems to be the most viable osndidatefor the
aooelerationof the most energetiopartioles.

INTRODUCTION

Collisionlessshooks play a central role in several ❑odels of
particleaooelerationin astrophysicalplasmas. Of the known astro-
physical shooks, the detaohed bow shock standing in front of the
earth’s magnetosphereis the one most accessibleto comprehensive
and direot ❑easurements. Although there have been surprisinglyfew
publishedobservationsrelatingto particleaooelerationat”the bow
shook, the observationsavailable are considerablymore detailed
than oan be obtained for other astrophysicalshooks. Our intent
here la to review those aspeots of the observationalliterature
whloh seem to be importantfor gainingan understandingcf the mech-
anisms responsiblefor ion aooelerationat or near the earth’s bow
shook.

The bow shook exists as a permanentfeatureof the interaction
of the superaonioand superalfienioflow of the solar wind past the
earth’s magnetosphere.1It serves to oompress, heat, slow, and
divart the solar wind around the ❑agnetosphere. Beoause the solar
wind ions are stronglyheated within the shook, some of the parti-
oles in the post-shookflow (i.e. in the ❑agnetosheath)have higher
energies than in the flow upstream from the shook. Thus, whereas
protons with energiesexoeeding3 keV ape unoommon In the typioal
solar wind where the average flow speed is ~70 Ions-l and the
temperature is 1.2 x 10~ oK,2 they are oommon within the mag-
netoaheath where the temperature often excweda 106 OK.3 (See,
for example Fi~rea 5 and 9 of this paper.) The details of ion
thermalizationwithin the shook are not well establishedand appar-
ently depend on auoh things as the Interplanetaryfield orientation
relativeto the shook normal,the maoh numberof the flow,antithe



Fig. 1. Three-axis plot of ion ❑easurements upstream from
earth’sbow shockon 21 August 1964.5

the

ratio of el~otron to proton temperaturein the upstream region.4
However, it seems certain that thermalizationis the result of
particlescatteringand accelerationby the electrostaticwave field
which exists within the shook. We will not have ❑ore to say about
ion thermalizationat the shock sinoa presumablythis is not the
type of aooelerationprocessof most interestto this conference.

INITIALOBSERVATIONSOF ION ACCELERATIONAT THE SHOCK

Upstream from the earthtsbow shook there exists a broad region
rich In partiole,field, and wave structure. This region is known
as the foreshoo#, and owes Its structureprimarily to partioles
acceleratedat or near the bow shook whioh propagateupstream. The
first report of baokstreamingions jn the foreshookregion appeared
in 19685and Fig. 1 is taken from that work. Shown there is a
3-axia plot of deteot;oroounts versus energy and es~le during an
upstream ion event deteotedby Vela 2. The Vela 2 eleotrostatio
analyzers performed energy sweeps at eaoh of 7 different look
angles. Five of these were olusteredabout the solar direotionto
❑onitor the solar wind flow. Ttiedouble-peakedappearanceof the
solar wind apiqotrah oaused In this case by the two major Ionio
oonstitutentaof the solar wind - protonsand alpha partioles. Two
additionalenergyaweeP9were made approximately80 and 100 deereea



away from the solar direction. Ions with ❑ean energy--5.7times the
mean solar wind proton energywere deteotedon one of these sweeps.
It.happened that this look direction correspondedroughly to the
nominal wnneotion of the satellite to the bow shock via the
interplanetarymagnetic field. It was suggested tnat these ions
were solar wind ion8 which had been reflectedand aeoeleratsdat the
shook and were travelinguP9tre= into the solar wind along the
interplanetarymagnetiofield. We now know that ion reflectionis a
oommon property of both laboratory and astrophysicaloollision-
less shooks. In 1969 Sonnerup7suggestedthat the solar wind ions
are aooeleratedwhen ?eflectedbecause they are displaced_in the
direotionof the interplanetaryelectrio field (the ~ x B field)
while undergoingreflection. Ener~ gains of the order of 4-6 keV
were predictedby this model, as was observed. To our knowledge,
Somerup’s model remainsthe favoredone for the observedion accel-
eration. However,later in this reviewother possibilitiesare dis-
cussed.

The original obserntions of backstreamingions indicatedthat
the refleoted ions were a ❑ore or less permanent feature of the
foreshookregion,particularlyan the dawn side of the magnetosphere
where the magnetiu comection to the shock is most favorableowing
to the spiralnature of the interplanetary❑agnettofield. Prelimi-
nary calculationssuggestadthat at times perhaps 10% of the ions
inoident on the shock and 40% of the energy were reflectedback
upstream. We now know these early estimates to be incorrect.
Recent measurementswith instrumentsspecificallydesignedto study
the reflected component indicate that typioally4% of the ions
inciden& on the shook and*6% of the energy are reflected up-
stream.

LONG-PERIODMAGNETICWAVES IN THE FORESHOCKREGION

About the tine the ~~pstreamions were first being discovered,
several exp~:-imentalgroups reported the observationof long period
(10-6c seoonds in the spacecraftframe)magnetiowaves in the fore.
shook region.9Dl@ Figure 2 illustrates the appearance of these
waves on interplanetarymagnetograms. Shown here are temporalvari-
ations in the X, Y, Z components(solareoliptiocoordinates)of the
interplanetarymagnetio field sampled every 2.6 seoonds during an
upstreamwave event. The experimentalgroups suggestedthat these
waves were 8eneratedby a {,wo-stresminstabilitybetween the bP.sk-
streaming ions and the solar wind bulk flow. In 1970 Barnesll
oonstruoteda theory for this prooess,and Soarf and colleaguesl~
showed severalevents where the backstreamingions and the upstream
waves were observed simultaneously,indicatingthat the ions were
indeed in some way responsiblefor the productionof the wavea.
Another possibly oruo?al observatio,lreported by Soarf et al. was
that eleotrostatioturbulencewith amplitudes of the order of 1
millivolt per ❑eter aooompaniedthe upstreamwaves; in particular,
the eleotrostatioturbulencewas strmgest where the field gradientn
within the wavea were largest. We shall return later in this review
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Fig. 2. Three componentsof the interplanetary❑agnetiofield for a
20-minuteintervalwhen long-periodwaves are present. Thiu data
was obtainedin the foreshockregion.lo

to the associationof the waves with
us proceedto furtherobservationsof

OBSERVATIONSOF MORE

the upstreamions, but now let
the ions themselves.

ENERGETICIONS

In 1974 Lln, Mengj and Anderson13 extended the upstream ion
observationsto higher energies. Figure 3 is taken from their work
and shows time hiatorieaof ions observedin the upstreamregion in
several energy banda from 29 to 36o keV. The rapid turning on and
off of the particle fluxes was ascribed to rapid ohanges in the
direction of the interplanetarymagnetio field whioh alternately
conneotadand disoonneotedthe satelliteto the bow shock. Lin ot
al. indioatedthat the upstreamions with energiesabove 30 keV were
always present wheneverthe interplanetarymagnatiofield connected
the spaoecx’aftto the bow shock. (More recent measurementssuggest
that this is not the case.) Representativespeotraof the >30 keV
upstreamions are shown in Figure 4. A rather remarkableand oon-
aistent featureof these and similarspeotraobtainedat other times
is the sharp cutoffat partioleenergiesnear 100 keV. In faot, the

speotraare consistentwith nO Partiolesbeln observedabovo-100
keV when pulse pileupis takenIntoaccount.1f
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Fig. 3. Ion fluxesabove 29 keV as a flmctionof time in the
shock region.13
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For several reasonsLin et al. did net believe that the parti-
ci.s they were observing were acceleratedat the shock itself.
Foremostamong thesereasonswere the following.

1) Velocitydispersionwas ~ot observed. Rather,particlesof
all energiesarrived at the spacecraftaL the same ttie.
Assumingthat some disturbanceemanatingfrom the shock was
responsiblefor the particles,Lin et al. found that tho
arrival time at the spacecraftwas consistentwith a props-,
gation speed of-2.5 times the bulk speed of the solar
wind, correspondingto a particleenergyof-6 keV.

2) There was remarkablylittleattenuationof partleleinten-
sity with increasingdistancefrom the shock.

As a result, Lin et al. suggestedthat the 3O-1OO kelfions were
accelerated throughout the foreshockregion on field lines which
comected to the shock. Althoughthey did not suggest a specific
❑echanism,they did indicatetheir beliefthat the lower energyions
(-6 kev) reflectedand acceleratedat the shock togetherwith the
long period magnetio waves were in some way responsiblefor the
origin of the 30-100 keV particles. This idea was not universally
accepted, however. For example, another suggestionwas that the
30-100 kev ions were producedat the shock by multiple encounters
with the shock
from it.lQ

In Ootober

as the reflectedparticlesattemptedto spiral away

RECENTOBSERVATIONS

1977 the ISEE 1 and 2 satelliteswere launchedinto
far-earthorbit carryingseveralinstrumentswhich were des!qnedfor
studies of the upstream ion particles. One of the Instruments
aboard both ISEE 1 and 2 is the ~ointLos Alamos/Max-Planck’Garching
fast plasma experimentwhioh scans all spacecraftlongitudeswith an
ion energy range extending frou 35 volts to 39.4 keV.15 A spec-
trogramof the data from the instrumenton ISEE 1 for the 1800-2400
UT intervalon 19 November 1977 is shown in Fi . 5.

t
At the begin-

ning of this interval the satellitewas at -1 RE and 3200 lo:::
itude and moving inward towards the dawn side of the shook.
upper 4 panels display ion energy speotra averaged over locgitude
for the angularquadrantscenteredrespectivelyon the noon, dufjk,
midnight,and dawn ❑eridians. The fifth panel displaysion angular
distributionssummed over all energies. Time runs from left to
right on the specbrogram~with 6 hours of data being displayed.
Intensity Is proportionalto the ❑easured count rate. The rela-
tively intenseand narro~ ion beam in che firstand fifth panels h
the inoident solar wind. Encounterswith the bow shock occur at
-2050, 2100, 2145, 2205, and 2220 UT, the ❑agnetosheath(or post-
shock flow) being Identifiedby the greatlybroadenedenergy spectra
and angular distributionsat thosetimes. Upstreamions are prestint
begiming about 1830 UT and continuinguntil the final shook cross-
ing near 2220 UT. Two distinct populationsare apparent ~n the
spectrogram. For reasonswhich shouldbecomeapparentwe call these
2 types nrefleotod” and ‘diffuse” upstream ions.8 Reflect~

upstreamions are distinguishedby theirnarrow spectraland angular

r
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Fig. 5. A plasma spectrogramobtainedon 19 November 1977 illus-
trati~ the tWO distinct and mutually exclusive popule.tlonsof
upstreamions. See text for details.8

extent,i.e. they are a beam of particlesmoving upstreamalong the
interplanetary❑agnetic field. The upstreaz ions from +1530 to
+900 UT are of this type. On the other hand, diffuseupstreamions
are characterizedby relativelyflat energyspectra>xtendingupward
to the highest energies sampled and broad angular distributions.
Usually the diffuse ions have louer peak Intensities than the
reflectedions, but, importantly,comparablenumbers of particles
U’- “?nerally contained within each type of upstream ion event.
Ions of the diffise type are present from about 1900 UT until the
final shock cmsaing at -2220 UT. Energetic ions similar to the
diffuseupstream ion populationare frequentlyobservedwithin the
❑agnetosheath.16On many occasionsthe diffuse ions and energetic
sheath ions appear to be continuationsof one another right acrcss
the shook as in the examplesnear 2100 and 2200 UT. On the other
hand, there are also many examplesin the data such as at 2220 UT
where either the energeticsheath ions or ths diffuseupstreamIons
end abruptlyat the shock.

Representativesamples of the measuredangle integrateddistri-
bution finotion, f(v), of the reflected and diffuse ions on 19
November1977 are shown in Fig. 6. In constructingf(v) it has been
assumedthat all of thq ions are protons. The 2-OOUntM/d ShOkll
is roughly equivalentto the backgroundnoise level of thflinstru-
❑ent. As indicatedby the arrow near the bottom of the figure the
solar wind speed at the tiresof these measurementswas -395 !cn
g-l. The large differencesbetween the spectra of the 2 types of
upstreamions are readilyapparent. Note that the lowerenwgy cut-
off for both populationsis close to the energy of the solar win~
flow.
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An examinationof the first few months
has establishedthat the 10 November 1977

of the
sample

ISEE 1 and 2 data
of data shown in

Figs. 5 and 6 is representative.Throughoutthe foreshockregion
tm differentmmulr tions of upstream ions can be identified,and. .
t:iesetwo populationsseldom, if ever, uoexist. The ‘reflectedW
ions generallycome from the direotionof the bow shock along the
magnetio field and have sharply peaked spectragenerallyextending
fromabout 1 to about 10 keV. These ions often come in bursts some-
times as short as 1 or 2 minutes in duration and seldom lasting
longerthan an hour. “DiffhseWupstreamions on the other hand are
distinguished by their relatively flat energv 9Pectra usuallY
extendingat leastas high as 40 keV (but peaking~~ar 4 keV) and by
their more iostropio angular distributions. Although at times
bursty in appearance,more typicallythe diffuse ion events endure
for hours at a the. Consequently,the diffuse ions are by far the
more oommn of the two types of upstream ions observed. It iS
highly probablethat the 30-100keV ions discussedby Lin et al. are
❑eraly the high energy tail of the diffuse ion population. Note
that sinae f(v) peaks near 4 keV, most of these ions have energies
oonslderablyless than 30 keV. (Thereis, however,a flux discrep-
ancy between the Lin et al. measurementsas shown in Fig. 4 and the
spectrashown in Fig. 6. It is a straight forwardmatter to show
that the conversionfactor between Figs. 6 and 4 is 9.58 x ‘1014
Vzt where v is the speed in cm s-l. Thus for 19 November the
differential flux at 30 keV is 1.58 x 104/cm2 sec str keV.
This is approximatelya factor 10 greater than the values reported
by Lin et al. and also upproxtiatelya factor of 10 greater than
values quoted by Ipavich et ally and shown in Fig. 11. The
originof this di-scm-pantyis at presentunknown.)

IS 2. -IT 12 1~- - 19 m 1977

UT 19:30 a so w 10 20 19:33I

Fig. 7 Magnetiofield strength~SO1= wind electron,and upstream
ion densitieson 19 November 1977. Spacingof’the plasma measure-
❑ents is ;2 seconds. The bars in the 3rd panel identifythe type of
upstreamion event.18
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Fig. a. Magnetio field strength,solar wind electronand upstream
ion densities on 8 December 1977 as observed by ISEE 1 (upper
panels) and ISEE 2 (lowerpanels). Spacing of the plasma measure-
ments Is 3 seconds,whereas the field is sampled every 24 milli-
sees. The bars in the 3rd panel identifythe type of upstreamion
event.18

A rather strikingcorrelationexistsbetween the diffuseponula-
tlon of upstream Ions observedand the long-period❑agnetio !~aves
previously discussed18(see Fig. 2). A l-hour segment of’iSEE-2
a .a obtained during the 19 November 19’/’7upstream ion events is
shown in Fig. 7. The ❑agnetiofielddata is from the UCLA magnetom-
eter aboard ISEE 2 and is shcwn in the upper panel. The solar wind
electron density~Ne, is_shown in the second panel, and the den-
sity of upstream ions, Nps Is shown in the bettom panel. Bars
abo~’e‘he Np plot indicate the type of upstream ion event. Note



that the change from reflectedto diffuse populationsat --1901UT
oolncideawith the onset of large amplitudefluctuationsIn B and
Ne with a period near 30 seconds. Further, :omparablenumbers of
upstreamIons are presentthroughoutthis l-hour interval,indicat-
ing that it is not the number of upstreamior.i that are important
for the wave correlationbut ratherthe wa, the ions are distributed.

A firther exampleof ‘he correlationbetweenupstreamion popu-
lationtype and the long.}drlodwaves in the solar wind 1s shown in
Fig. 8. The format is the same as in the previousexample except
that slmultanecu.sdata from each of the closely spaoed ISEE satel-
lites are displayedand the time scale has bwn expanded. A brief
weak burst of refleetedions occurredfrom~2055 until-2102 UT, and
was followedby a long lastingdiffuseion event. Importmt aspects
of this figureare emphasizedbelow.

1) The onset of large amplitudefluctuationsin B and Ne is
suddenat both spacecraftand coincideswith the appearance
at the satellitesof diffuseupstreamions.

2) The refla~:edions again have no noticeableeffeot upon B
or Ne.

3) Wave amplitudesare high, the fluctuationsin both B and
‘e being comparableto the averagevalues.

4) There is excellent coherence betwegn the oscillationsin
solar wind electron density and field strength at both
satellites,indicatingthat the wavesare compressive.

We have stressed that there are basically tifo distinct popula-
tions of upstream ions which do not coexist. However, Figure 9
illustratesthat it is not always =SY to dfitinguishbetween the
two populations. Shown here is am ISEE 1 spectrogramobtainedon 6
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Fig. 9. A plasmaspectrogramobtainedon 8 November1977.
for detailg.8
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November 1977. The format is the same as Fig. 5. A bow shock
orossingfrom the magnetosheathto the solar wind occurredat -1853UT.Although the short bursts of upstream 3.onsnear 185s~ 1900J
2100,2145,and 2230 UT and the long burs<:after 231O UT are clearlY
the reflectedpopulation,and the burstsfrom-2005-20?9UT and from
2110-2120UT are clearlythe diffusepopulation,the long burst from
-1920-kJOOUT seems midway between. It.has a broaderspectraland
angular extent than is typicalof the refleotedpopulation,~ut is
still ❑ere highlybeamedand restrictedin,energythan is typicalof
the dif~se population. Figure 10 shows three l-hour segments of
the solar wind data on . ~~ovemberin a formatsimilarto Figs. 7 and
8. The previouslynoted absence of waves in conjunctionwith the
refleotediuas is clearly evident during the buratg near 185s and
1905 UT and duringthe long intervalbetween-2319 and 2357 UT. h
con3tra3t,large amplitudewaves are seen between~2002 and 2034 UT
when the diffiseions are present. But perhapsthe most interesting
feature of this figure is the small amplitude (yet significant)
fluctuationsin B and Ne from s1920-2000UT when ions of en inter-
mediatenaturewere observed.

Various studies of the occurrenceof upstreamwaves, primarily
by Greenstadtand colleagues,4 indicate+.~t the long-periodwaves
we Yave been discussingare correlatedwith the angle the interplan-
etary magnetic field makes to the local shock normal. In particu-
lar, they find the waves generallyare present when this angle is
lesg than 450 and generallyabsent when this angle is greater than
450. It has been stressed that 45° correspondsroughly to the
division between quasi-perpendioularshook structure (where the
shock transitionis well-definedanu has a thiolcnessof ‘1OO b)
and quasi-parallelsho~?lstructure(wherethe shook does not appear
as a discofitinuityin the true sense of the word).~9,20 This
suggeststhat the upstreamwaves (and thus also the diffhse“upstream
ions) may be an integralpart of the quasi-parallelshock struc-
ture. We have not performeda general investigationof the rela-
tionshipbetweenupstreamion populationsand the orientationof the
interplanetarymagnetio field rel~tlve to the shock normal. How-
ever, for the 8 November 1977 example we findla the angle between
the field and the local shock normal was 58’ or greater when no
upstream ions were present. It averaged@50e when reflectedpar-
tioles were present,+40° when intermediateIons were esent, and
-.30° when the diffuse ions were present. These values are roughly
oonsiatentwith the eari.lerwave results.

Up to this point :!e have taoitly assumed that all of the
upstream ions are protorm. However, with the joint Universityof’
Maryla.nd/Max-PlanckGarallingexperimenton ISEE 1 it is possibleto
distinguishthe VSrioug Ioriiospecies present in these events.17
Figure 11 shows typioal speotral data from thisexperiment for a
diffus~upstreamion event on 31 Oot(bw 1977 whioh illustratesthat
alpha part.lclesand heavierelemen’a are also present. In faot, as
might be expected,thes~ groups find that the elementalabundanceof
the upstreamion evmll~sis similarto that normallypresentIn the
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solarwind. Ipaviahet al. also emphasizethat their data are best
organizedin terms of’energy Per aharge (E/q)c For example, the
compositionis nearly constantat all values of’E/q. This clearly
suggeststhe upstreamions are acceleratedby electricfields.

Finally,in summarizingthe observationsof ions associatedwith
the bow shock, mention should be made of the nuch more energetic
ions (--100keV-1 MeV) which have been observed in the foreshock
region. Several grouPs21s22$23have reported the rather common
oueurrenceof such Ions in the upstreamregion. Althoughoriginally
it was thought that these more energeticions were the high energy
tail of the 30-100 keV protons discussedby Lin et al.21 (i.e. the
high energy tail of the ~iffusepopulation),it has recentlYbecome
clear,as Fig. 12 illustrates,that thesemore energetloions are a
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separate population which ❑ost likely originates in the earth’a❑a -
netotail. fBriefly,the reasonsfor believingthese ions klavenot -
Ing to do with t’-”,~w shockara as follows.

1) They ha%. a harder spectrumthan either the reflectedor
diffuseims.

2) They are obgerved simultaneouslywithi~ the ❑agnetotail,
the magnetosheath,and the foreshockregion,with the flux
intenaitles being several orders of magnitude greater
within the magnetotail.22,23

3) The bow shock ions (diffusepopulation)have speotrawhich
drop sharplyat z1OO keV.13

DISCUSSION

In the previous seotion an attempt was ❑ade to outline the
importantknown characteristicsof ions acceleratedin the vicinity
of the earthlsbow shook and observedupstream. Extra emphasishas
been given to the relationshipof thege Ions t~ the long ~ertod
waves also observedin the foreshockregion becausethese waves may
contributeto the accelerationof the ❑ore energetic partiolesin
the events. It Is importantto note that most of the accelerated
ions attain energiesonly several times greater than they had when
Incidenton the bow shock. For the refleotedpopulationof ions,
virtuallyno particlesattain energies in exoess of about 20 koV.
For the diffusepopulation,less than 1% af the 11 of the Ions which
are aooeleratedattain energiesas high as 100keV. Further,‘~irtu-
ally none of the ions acceleratedin the vioinityof the bow shock
attain energiessignificantlyhigher than 100 keV. By way of oon-
trast, 1 MeV ions are oommonlyobservedin associationwith corota-
ting Interplanetary shocks.24~25p26This discrepancy ‘suggests
either that differentaccelerationmechanismsor differentinitial
partiole po~llationsare involved in the two ‘oases, or t}at the
field line geometryof interplanetaryshocks (theseshooka are gen-
erally highly obliqu~27)favors a greater net accelerationin that
ease.

We ❑entioned earlier that a model whereby Ions are accelerated
as they are refleotedoff the bow shook because they are displaoed
througha ~ x ~ eleotrio field has gained rather broad aooeptsnoe.
However,Tidman and Kral128 and perhapsothers have noted tht the
temperature of the upstream ions seem to be too high to be
explainedby a simple reflectionprooess. (It seems olear now that
Titian and Krall were disouesing the dif~se population.) They
therefore invoked a model of stoohastioacoeleratlonby eleotro-
statla turbulenoe~9in the shook. Figure 13 demonstratesthat
suoh turbulence oertainly exists at the shook.30,31 Shown there
Is the Intensiby of eleotrostationoise for a typloal bow shook
orosslng aa observed at different frequencies. The lowest three
panels show the ❑agnetio field data in order to define the shook
transitionat*2220 UT. Coincidentwith the shook orossingthere is
an enhancementin eleotroatationoise. The amplitudeof the noise
(typioallyof the order of 1 millivolt/meter)is of the ❑agnitude
requiredby the model to produoethe observedion aooeleration.
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Fig. 13. A shock crossingwhioh shows the relationbetween varia-
tions In eleotrostationoise and the structureof the bow shock as
observedby a magnetometer. Upstreamelectrostaticoscillationsat
3.11 and 31.1 kHz are correlatedwith long-periodwaves in the ma8-
netio fieldand henoealso with diffuseupstreamions.31

Eleotrostatio noise of somewhat reduoed amplitude is also
observed in the foreshoekregion in oonneetionwith the long period
magnetic!weve8,12 An example of thig oan be seen in Fi .

f
13 In

the 31.1 kHz and 3.11 kHz ohannels near 2210 UT. An ❑portant



seriesof questionsrelativeto this noiqs ?P~ the upstream wavea
might be posed as follows. Are the long-periodwaves and electro-
static noise the result of m instabilitydriven by the reflected
ions streamingupstreamthroughthe solar wind? If correctthen the
diffuse ion populationIs the resul:.of scatteringby the waves and
stochasticaccelerationby the electrostaticturbulence. Or, are
the refleotedions stable and acoelaratedonly under certain favor-
able interplanetaryfield configurations?And, are the diffuse ions
produced at the shock by stochasticprocesses associatedwith a
thickenedshock transition when the shook is quasi-parllel?Are the
upstream waves then generated only by the diffuse ions streaming
throughthe solarwind?

Several of our observationalfaots fit the former hypothesis.
For example, the fact that the two populationsare not observed
simultaneouslyyet oontainapproximatelythe same numbersof parti-
cles fits this picture well. So too does the correlationbetweer
wave amplitude and speotral and angular spread of the upstream
ions. On the other hand the correlationof particle populations
with the orientationof the field relativeto the local shock normal
and the observed long time stability (up to an hour) Of the
reflected component suggests that both populationsmay be produced
at the shock under differingorientationsof the Interplanetary❑ag-
netic field. Hopefully,further analysiswill help decide between
these alternatives.
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